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PURPOSE. To investigate the role of interferon (IFN)-� in dry
eye–associated conjunctival apoptosis.

METHODS. Desiccating stress (DS) was created in C57BL/6 (B6)
and C57BL/6 IFN-�-knockout (B6�KO) mice. A separate group
of mice of both strains also received subconjunctival injections
of exogenous IFN-� or vehicle control (BSA) at days 0, �2, and
�4 after DS. Immunoreactivity to active (Ac)-caspase-3, -8, and
-9 and terminal deoxynucleotidyl transferase-mediated dUTP-
digoxigenin nick end labeling (TUNEL) were evaluated in cryo-
sections. Goblet cell apoptosis was assessed by MUC5AC and
TUNEL double staining. Levels of caspase-3, -8, -9, Fas, and
Fas-associated protein with Death Domain (FADD) mRNA in
conjunctiva were measured by real-time PCR. The activity of
caspase-3, -8, or -9 was measured using fluorometric assay.

RESULTS. Increased Ac-caspase-3 and -8 and TUNEL immunore-
activity were noted in conjunctival epithelia in B6 mice com-
pared with B6�KO mice after DS, and exogenous IFN-� admin-
istration further increased these parameters. DS-induced
conjunctival apoptosis was greatest in the goblet cell area and
was accompanied by a decrease in MUC5AC expression in the
B6 and B6-IFN-�–injected groups compared with the B6�KO
and B6-BSA–injected groups. B6�KO mice were resistant to
DS-induced apoptosis; however, B6�KO receiving IFN-�
yielded results similar to those for B6 wild-type. Caspase-9
production and activity were not increased with DS in B6 or
B6�KO mice; however, the administration of IFN-� signifi-
cantly increased caspase-9 production and activity in both
strains compared with vehicle-injected mice.

CONCLUSIONS. IFN-� plays a pivotal role in exacerbating con-
junctival apoptosis through dual apoptotic pathways with DS.
(Invest Ophthalmol Vis Sci. 2011;52:6279–6285) DOI:10.1167/
iovs.10-7081

Dry eye affects tens of millions of people worldwide, rep-
resenting one of the most common ocular pathologies.1

The pathogenesis of dry eye has not been clearly established;

however, there is increasing evidence to suggest that dry eye is
an immune-based disease characterized by increased CD4� T
cell infiltration, T helper (Th)-1 and Th-17 responses, and
elevated levels of proapoptotic factors that affect the tears and
ocular surface.2–6

A growing body of clinical and experimental studies has
shown that pathologic apoptosis has a key role in the patho-
genesis of keratoconjunctivitis sicca, and it is a therapeutic
target for dry eye.7–10 Apoptosis can be mediated by two
predominant pathways. One apoptotic pathway is the ex-
trinsic or “death receptor” pathway mediated by the ligation
of cell surface death receptors such as Fas and TNF-related
apoptosis-inducing ligand and the subsequent activation of
caspase-8. The other is the intrinsic or “mitochondrial” pathway
mediated by the recruitment and activation of caspase-9.11 We pre-
viously reported increased conjunctival epithelial apoptosis
using a Sjögren’s syndrome-like animal model.9 However, the
precise factors and signal pathways that induce apoptosis in
dry eye have not yet been elucidated.

Th-1 cytokine interferon (IFN)-� is secreted exclusively by T
cells (cytotoxic and Th-1) and natural killer cells. This cytokine
plays a crucial role in vivo in regulating several immune re-
sponses, such as delayed-type hypersensitivity, inflammation,
graft rejection, and the pathogenesis of inflammatory diseases
(Sjögren’s syndrome, mucus membrane pemphigoid, Stevens-
Johnson syndrome, and graft-versus-host disease).12–16 In our
previous study, we found that desiccating stress (DS) pro-
moted the migration of CD4� T cells and IFN-�� cells into
goblet cell zones of the conjunctiva and increased the concen-
tration of IFN-� in tears under dry eye.17 Increased IFN-� can
lead to conjunctival epithelial squamous metaplasia with pro-
gressive goblet cell loss and an increase in cornification marker
small proline-rich protein-2a expression in dry eye.17 It has
been reported that the Th-1 cytokine IFN-�, alone or combina-
tion with Fas ligand (FasL) and tumor necrosis factor (TNF)-�,
has a proapoptotic effect on some mucosal epithelial and
tumoral cell lines.11,18–20

The purpose of this study was to investigate the role of
IFN-� in the pathologic apoptosis of conjunctiva that develops
in response to DS.

METHODS

Mouse Model of Dry Eye

This research protocol was approved by the Baylor College of
Medicine Center for Comparative Medicine, and it conformed to the
standards in the ARVO Statement for the Use of Animals in Oph-
thalmic and Vision Research. DS was created by subjecting female
C57/BL6 (B6) mice, 6 to 8 weeks of age, to subcutaneous injection
of 0.5 mg/0.2 mL scopolamine hydrobromide (Sigma-Aldrich, St.
Louis, MO) into alternating hindquarters administered four times a
day (8:30 AM, 11 AM, 1 PM, and 4:30 PM) with exposure to an air
draft and �40% ambient humidity. Mice were euthanatized after 5
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days of treatment (5D). A group of age- and sex-matched mice that
did not receive any treatment to induce dry eye served as untreated
(UT) control mice.

Exogenous Administration of IFN-�

To evaluate the role of IFN-� in conjunctival apoptosis, we sub-
jected B6 and C57BL/6 IFN-�- knockout (B6�KO; B6.129s7-Ifn-
gtm1Ts/J; Jackson Laboratories, Bar Harbor, ME) mice to DS, as
described, for 5 days. Mice of each strain were divided into three
treatment groups: (1) 5D control mice that received no ocular
injections; (2) vehicle control animals that received bilateral sub-
conjunctival injections (20 �L/eye) of 0.1% bovine serum albumin
(BSA) in PBS (5D�BSA); (3) 5D�IFN-� mice that received bilateral
subconjunctival injections of recombinant murine IFN-� (1 � 104

U/eye per injection, dissolved in 20 �L of 0.1% BSA in PBS; Chemi-
con, Temecula, CA) before and at 2 and 4 days of DS. All mice were
euthanatized after 5 days of DS.

Histology

For immunostaining and terminal deoxynucleotidyl transferase-medi-
ated dUTP-nick end labeling (TUNEL), the eyes and adnexa of mice
from each group/each strain (n � 3) were excised, embedded in
optimal cutting temperature compound (OCT compound; VWR, Su-
wanee, GA), and flash frozen in liquid nitrogen. Sagittal 8-mm sections
were cut with a cryostat (HM 500; Micron, Waldorf, Germany) and
placed on glass slides that were stored at �80°C.

IFN-�R� and Activated Caspase-3, -8,
and -9 Immunostaining

Cryosections were evaluated for the expression of activated (AC)
caspase-3, -8, and -9. Samples were then blocked with 10% goat
serum for 30 minutes at room temperature. After three washes in
phosphate-buffered saline (PBS, pH 7.2), tissue samples were incu-
bated with polyclonal rabbit anti–IFN-� receptor (IFN-�R) (1:100,
sc-700; Santa Cruz Biotechnology, Santa Cruz, CA), rabbit anti–AC-
caspase-3 (1:100; BD PharMingen, San Diego, CA), rabbit anti–AC-
caspase-8 (1:100; Novus Biologicals, Littleton, CO), or rabbit anti–
AC-caspase-9 (1:100; Novus Biologicals) primary antibodies at 4°C
overnight. Negative controls were performed at the same time and
consisted of sections incubated with PBS in place of primary anti-
body. The next day, samples were incubated with goat anti–rabbit
FITC-conjugated antibody for 45 minutes in the dark at room tem-
perature, followed by three washes in PBS. Nuclei were then coun-
terstained using propidium iodide (PI) (0.7 �g/mL) for 5 minutes.
Approximately 30 �L mounting gel (Gel Mount; Fisher Scientific,
Pittsburgh, PA) and a 22 � 50-mm coverslip (Fisher Scientific) were
then applied.

Digital images (512 � 512 pixels) of representative areas of the
tarsal conjunctiva were captured with a laser-scanning confocal
microscope with krypton-argon and He-Ne laser (LSM 510; Carl
Zeiss Meditec, Ltd., Thornwood, NY). They were acquired with a
40/1.3� oil immersion objective. The intensity of the staining was
graded in two conjunctival images, and the results were averaged.
Briefly, in each digital image, seven elliptical regions (of 1076
pixels2) were drawn with image analysis software (Metavue6.24r;
Molecular Devices, Sunnyvale, CA), and the integrated intensity
calculated by the software was recorded on a spreadsheet (Excel;
Microsoft, Redmond, WA). The results within each image were
summed and are presented as the mean of all images within a group,
in fluorescence unit � 105.

TUNEL and MUC5AC Immunostaining

TUNEL assay was performed using a commercially available kit
(ApopTag; Intergen Co., Purchase, NY).9 Cryosections were fixed in
1% paraformaldehyde and permeabilized with 2:1 ethanol/acetic
acid solution. The samples were incubated with TdT enzyme and

11-digoxigenin dUTP at 37°C for 4 hours. After quenching the
reaction, samples were blocked with blocking solution and incu-
bated with anti– digoxigenin FITC-conjugated antibody for 60 min-
utes at room temperature.

After completion of the initial TUNEL procedure, the cryosections
were stained for expression of MUC5AC (rabbit anti–MUC5AC primary
antibody; 1:100, sc-20118; Santa Cruz Biotechnology), as described.
Digital images (512 � 512 pixels) of representative areas of the tarsal
conjunctiva were captured, and the TUNEL-positive cells in the con-
junctival epithelia in 200-�m length in the sagittal sections were
counted.

Total RNA Extraction, Reverse Transcription, and
Quantitative Real-Time PCR
Total RNA collected from the conjunctiva was extracted using a
purification kit (RNeasy Micro Kit; Qiagen, Valencia, CA) according
to the manufacturer’s instructions, quantified by a spectrophotom-
eter (NanoDrop ND-1000; Thermo Scientific, Wilmington, DE), and
stored at �80°C. Three samples per group/stain were used, and one
sample consisted of pooled samples from five mice. Samples were
treated with DNase to prevent genomic DNA contamination, ac-
cording to the manufacturer’s instructions (Qiagen). First-strand
cDNA was synthesized with random hexamers by M-MuLV reverse
transcription (Ready-To-Go You-Prime First-Strand Beads; GE
Healthcare, Inc., Arlington Heights, NJ), as previously described.21

Real-time PCR was performed with specific MGB probes
(TaqMan; Applied Biosystems, Inc. [ABI], Foster City, CA) and PCR
master mix (TaqMan Gene Expression Master Mix; ABI) in a commer-
cial thermocycling system (Mx3005P QPCR System; Stratagene, La
Jolla, CA), according to the manufacturers’ recommendations. Murine
MGB probes were GAPDH (Mm99999915), IFN-�R� (Mm00599890),
Fas (Mm00433237), FADD (Mm00438861), caspase-3 (Mm00438045),
caspase-8 (Mm00802247), and caspaspe-9 (Mm01348848). The
GAPDH gene was used as an endogenous reference for each reaction.
Results of the relative-quantitative real-time PCR were analyzed by the
comparative threshold cycle (CT) method22 and normalized by
GAPDH as an internal control.

Caspase-3, -8, and -9 Activation
Fluorometric Assays
The activation of caspase-3, -8, and -9 was measured according to the
protocol of the respective fluorometric kit (K105-25, K112-25, and
K189-100, respectively; BioVision, Inc., Mountain View, CA). Conjunc-
tivas were surgically excited and placed in the lysis buffer provided
with the kits. Protein concentration was measured using a micro
bovine serum albumin (BSA) protein assay kit (Thermo Fisher Scien-
tific, Waltham, MA), and 50 �g conjunctival lysates was used for each
assay. Lysis buffer without any protein was used as blank control.
Three samples per group/strain were used, and one sample consisted
of pooled conjunctiva samples from four mice. Fluorescence was read
using a fluorescence and absorbance reader (SpectraFluor; Tecan,
Männedorf, Switzerland) with 400-nm excitation filter and 505-nm
emission filter.

Statistical Analysis
The unpaired t-test was used to compare the effect of DS (UT vs.
5D) and the effect of IFN-� subconjunctival injection (5D�BSA vs.
5D�IFN-�) in each strain (B6 and B6�KO) as well as the effect of
B6�KO with DS (B6 5D vs. B6�KO 5D) on AC-caspase-3, -8 and -9
fluorometric intensity, TUNEL-positive cell ratio, caspase-3, -8 and -9
activities, and the results of relative quantitative real-time PCR.

RESULTS

Expression of IFN-�R in Conjunctiva

The IFN-�R is composed of two main chains, IFN-�R� and
IFN-�R�. IFN-�R� and IFN-�R� are concomitantly expressed,
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representing the ligand binding component and the signal
transducing component of IFN-�R, respectively. In this study,
we used immunostaining of IFN-�R� to evaluate the expression
of IFN-�R in conjunctiva. Cryosections from the untreated B6
wild-type mice were assayed (n � 3). We found that IFN-�R�
was expressed in all cell layers of the conjunctival epithelia
(Fig. 1A). DS and exogenous IFN-� administration had no effect
on the IFN-�R� mRNA transcripts after 5 days of DS treatment
in both strains of mice (Fig. 1B).

DS Increased Apoptosis in Conjunctiva through
Activation of the Extrinsic Apoptotic Pathway
in B6 Mice

Caspase-3 is activated by upstream caspase-8 and caspase-9,
and, because it serves as a convergence point for different
signaling pathways, it is well suited as a readout in an apoptosis
assay. TUNEL is a method to assay apoptosis at a late stage by
detecting DNA fragmentation by labeling the terminal end of
nucleic acids. In this study, DS significantly increased Ac-
caspase-3 and TUNEL immunoreactivity in conjunctival epithe-
lia in B6 mice (Figs. 2–4, P � 0.05). Significantly increased
conjunctival casapse-3 mRNA levels and activity were noted in
B6 mice after 5 days of DS treatment (Fig. 5, P � 0.05). In
addition, the apoptosis of conjunctival epithelial cells was
greatest in the goblet cell area and was accompanied by a
decrease in MUC5AC expression after 5 days of DS treatment in
B6 mice (Fig. 3).

Because both Ac-caspase-3 and TUNEL are not specific for
the apoptotic pathway, we investigated the extrinsic and in-
trinsic apoptotic pathway mediators using real-time PCR for
Fas, FADD, caspase-8 and caspase-9 mRNA levels, immuno-
staining for AC-caspase-8 and -9 expression, and fluorometric
assays for caspase-8 and -9 activity. We found DS significantly
increased the levels and activation of the extrinsic apoptotic
pathway mediators, as evidenced by increased Fas and
caspase-8 mRNA levels (Figs. 5A, 5D), AC-caspase-8 expression

FIGURE 1. Merged images of IFN-�R (green) immunofluorescence
staining for conjunctiva with PI counterstaining (red) in conjunctiva
(A). IFN-�R� mRNA transcripts in the conjunctiva after DS and exog-
enous IFN-� treatment (B).

FIGURE 2. Merged images of Ac-
caspase-3, -8, and -9 (green) immuno-
fluorescence staining for conjunctiva
with PI counterstaining (red).
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(Figs. 2, 5C), and caspase-8 activity (Fig. 5G) in B6 mice (P �
0.05). DS had no effect on caspase-9 mRNA level (Fig. 5E),
caspase-9 activity (Fig. 5H), or AC-casapse-9 expression (Fig. 2)
in B6 mice (P � 0.05). Taken together, these results indicate
that DS increases conjunctival apoptosis through caspase-8–
mediated extrinsic apoptotic pathways but not through
caspase-9–mediated intrinsic apoptotic pathways in B6 mice.

B6�KO Mice Showed Resistance to DS-Induced
Apoptosis in Conjunctiva

To evaluate the role of IFN-� in apoptosis, we used B6�KO
mice to evaluate whether IFN-� deficiency would modulate
DS-induced apoptosis in the conjunctiva. We found that DS has
no effect on Ac-caspase-3, -8, and -9, TUNEL immunoreactivity
(Figs. 2–4), Fas, FADD, caspase-3, -8, and -9 mRNA levels (Figs.
5A–E), or caspase-3, -8, and -9 activities (Figs. 5F–H) in con-
junctiva in B6�KO mice (P � 0.05). B6�KO mice also showed
resistance to DS-induced MUC5AC expression loss in conjunc-
tiva (Fig. 3).

Exogenous Administration of IFN-� Increased
DS-Induced Apoptosis in Conjunctiva in Both B6
and B6�KO Mice through Dual
Apoptotic Pathways

To further evaluate the role of IFN-� in conjunctival apoptosis,
we performed subconjunctival injection of IFN-� in both
strains of mice. Administration of IFN-� in B6 mice was used to
evaluate whether exogenous IFN-� would aggravate disease. In
B6�KO mice, it was used to evaluate whether DS-induced
apoptosis could be induced by IFN-�. Significantly increased
Ac-caspase-3, -8, and -9 and TUNEL immunoreactivity (Figs.
2–4), Fas, FADD, caspase-3, -8, and -9 mRNA levels (Fig. 5), and
caspase-3, -8 and -9 activities (Fig. 5) in conjunctiva were noted
in the IFN-�–injected group compared with the BSA-injected
group in both strains of mice after 5 days of DS treatment (P �
0.05 for each comparison). IFN-�–injected mice showed de-
creased MUC5AC expression compared with BSA-injected
mice in both strains after 5 days of DS treatment. These results
indicate that IFN-� plays a pivotal role in exacerbating conjunc-
tival apoptosis through dual apoptotic pathways.

DISCUSSION

This study evaluated the role of the Th-1 cytokine IFN-� in the
pathologic apoptosis that occurs in the conjunctiva in re-
sponse to DS. In this study, we found DS induces apoptosis in
the conjunctival epithelia that expresses the IFN-�R through a
caspase-8–mediated extrinsic apoptotic pathway in B6 wild-
type mice. By contrast, B6�KO mice showed resistance to
DS-induced apoptosis in conjunctiva. Exogenous administra-
tion of IFN-� increased DS-induced apoptosis in the conjunc-
tiva in both B6 and B6�KO mice through dual apoptotic path-
ways under DS. Taken together, these indicate that IFN-� plays
a pivotal role in exacerbating conjunctival apoptosis in dry eye.

Goblet cell density is a critical parameter that reflects the
overall health of the ocular surface.23 These cells synthesize,
store, and secrete large gel-forming mucins that lubricate and
protect the ocular surface. Previous studies have demonstrated
that decreased numbers of mucin-containing goblet cells is
characteristic of dry eye.7,24 Although the mechanism leading
to goblet cell loss in dry eye is still unknown, evidence suggests
that cytokines liberated by the infiltrating T cells may contrib-
ute to the disappearance of conjunctival goblet cells in DS.
There is an inverse correlation between the number of CD4�

T cells and the number of goblet cells in the conjunctiva.17

Furthermore, an increase in conjunctival goblet cell density has
been observed in dry eye patients treated topically with the
T-cell immunomodulatory agent cyclosporine A.10,25 In our
previous study, we showed that DS had no effect on conjunc-
tival goblet cell density in B6�KO mice; however, exogenous
administration of IFN-� significantly decreased goblet cell den-
sity after 5 days of DS.17 In this study, we found that apoptosis
was greatest in the goblet cell area and was accompanied by
decreased MUC5AC expression in B6 and B6-IFN-�–injected
mice compared with B6�KO and BSA-injected mice. Reconsti-
tution of IFN-� in B6�KO mice during DS produced changes in
MUC5AC expression similar to those of B6 wild-type mice. This
evidence suggests that the Th-1 cytokine IFN-� can promote
apoptosis and lead to a loss of goblet cells under DS.

The initiation of apoptosis depends on the type of apoptotic
stimuli that can activate one or both of the predominant apo-
ptotic pathways.11 One predominant apoptotic pathway is the
extrinsic or “death receptor” pathway of apoptosis that is
triggered by the presence of proinflammatory cytokines such
as Fas or TNF-related apoptosis-inducing ligand.11 This leads to
the recruitment and activation of an adaptor protein, FADD,
and to subsequent activation of caspase-8/Flice.11 Fas has been

FIGURE 3. Merged images of TUNEL (green) immunofluorescence
staining for conjunctiva with MUC5AC (blue) and PI (red)
counterstaining.
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implicated in the induction of apoptosis of several cell types,
and its effects are exacerbated by IFN-�.11,26 In this study, we
found that exogenous administration of IFN-� significantly in-
creased mRNA levels of Fas and FADD in both strains of mice,
indicating that IFN-� may exacerbate conjunctival epithelial
apoptosis through the Fas-FADD–mediated extrinsic pathway
under DS.

The activation of pro-caspase-8 to active caspase-8 leads to
the cleavage of its targets. Caspase-8 cleavage of c-FlipL triggers
the processing of c-Flip and facilitates formation of the death-
inducing signaling complex.27,28 Caspase-8 can specifically tar-
get and cleave the X-linked inhibitor of apoptosis (XIAP),

leading to XIAP inactivation.29 Activated caspase-8 cleaves ad-
ditional downstream caspases, including caspase-3.28 Caspases
ultimately elicit the morphologic hallmarks of apoptosis, in-
cluding cell rounding, cytoskeletal collapse, cytoplasmic con-
densation, DNA fragmentation, and formation of apoptotic
bodies that are rapidly phagocytosed and digested by macro-
phages or neighboring cells.11 In this study, we found that DS
significantly increased caspase-8 expression and activity in B6
mice, whereas it has no such effect in B6�KO mice. Exogenous
administration of IFN-� increased caspase-8 expression and
activity in both strains under dry eye. This indicates that
caspase-8 may play a key role in dry eye–induced apoptosis,

FIGURE 4. Ac-caspase-3 (A), -8 (C),
and (D) immunofluorescence inten-
sity and the ratio of TUNEL-positive
cells (B) in conjunctival epithelia.
Data were shown in mean � SEM.

FIGURE 5. Relative levels of Fas (A), FADD (B), caspase-3 (C), caspase-8 (D), and caspase-9 (E) mRNA transcripts evaluated by real-time PCR as
well as caspase-3 (F), caspase-8 (G), and caspase-9 (H) activities. Data were shown in mean � SEM.
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which can be further exacerbated by IFN-�. Caspase-8 may
provide a new target for the treatment of dry eye–induced
epithelial disease.

The second predominant apoptotic pathway is the intrinsic
or “mitochondrial” pathway.11 Most inducers of the mitochon-
drial apoptotic pathway inhibit prosurvival proteins such as
Bcl2 and Bcl-xL and trigger the depolarization of the mitochon-
drial membrane potential.29,30 In some cell types, caspase-8
can also induce the cleavage of the proapoptotic protein Bid.31

The truncated form of Bid (t-Bid) has the ability to interact with
the mitochondria and induce apoptosis.31 Activation of the
mitochondrial apoptotic pathway leads to the release of the
mitochondrial protein cytochrome c and the recruitment of
caspase-9 to form the apoptosome complex.32 Cleavage and
activation of caspase-9 also results in the subsequent activation
of effector caspases-3, -6, and -7.31,32 Although DS promoted
the migration of IFN-�� cells into goblet cell zones of the
conjunctiva and increased the concentration of IFN-� in
tears,17 we found that it had no effect on AC-caspase-9 expres-
sion and activity in both strains of mice. However, the exoge-
nous administration of IFN-� increased caspase-9 expression
and activity in both strains. These results suggest that IFN-�–
induced apoptosis in conjunctival epithelia through the
caspase-9–mediated intrinsic apoptotic pathway may be highly
concentration dependent. In addition, whether IFN-�–induced
activation of the intrinsic apoptotic pathway is triggered by
Bcl2 and Bcl-xL inhibition or caspase-8 activation requires fur-
ther investigation.

Although apoptosis is a part of the normal process of epi-
thelial cell renewal, in excess it is pathologic. This study shows
that dry eye induces conjunctival apoptosis through the
caspase-8–mediated extrinsic pathway and that the Th-1 cyto-
kine IFN-� can exacerbate conjunctival apoptosis through dual
apoptotic pathways in dry eye. The relationship between oc-
ular surface inflammation and apoptosis in dry eye has been the
subject of much investigation. Expression of proapoptotic
markers (Fas, Fas ligand, APO2.7, CD40, and CD40 ligand) by
the conjunctival epithelium in dry eye has been found to
positively correlate with the expression of HLA-DR class II
antigen, an immune activation marker in dry eye patients.33

After 6 months of therapy with cyclosporine A, the levels of
cell membrane markers for apoptosis (i.e., Fas) and inflamma-
tion, such as HLA-DR, were significantly reduced.34 Although it
is still to be determined whether apoptosis is a result or a cause
of ocular inflammation in dry eye disease, this study provides
evidence that the Th-1 cytokine IFN-� plays a significant role in
the pathologic apoptosis in the conjunctiva that develops in
dry eye, characterized by increased Th-1 and Th-17 CD4� T cell
infiltration on the ocular surface. Our study provides new
insight that immune-based ocular surface inflammation in dry
eye promotes apoptosis of the tear-secreting ocular surface
epithelia.
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